The European woodwasp, Sirex noctilio F., native to Eurasia, is an introduced pest of pines in several countries in the Southern Hemisphere. Its discovery in North America prompted delimitation surveys and research efforts to develop effective monitoring and detection tools (Hoebeke et al. 2005 , de Groot et al. 2006 . Although S. noctilio results in signiÞcant economic losses in parts of the Southern Hemisphere, it appears to be a minor pest within its current distribution in North America. If and when S. noctilio spreads south or north within North America, it could cause considerable economic damage in pine plantations and natural stands (Yemshanov et al. 2009 ). Methods used to detect S. noctilio in the Southern Hemisphere include aerial or ground surveys, trap trees, and intercept traps (e.g., Carnegie and Bashford 2012).
Trap and lure combinations currently used in North America are poor, and often do not detect S. noctilio in areas where its presence is known. Studies have tested and improved lures for woodwasps (Siricidae) , Cooperband et al. 2012 , Coyle et al. 2012 , Johnson et al. 2013 , Barnes et al. 2014 ), but information on effective trap type is limited to studies of related species (McIntosh et al. 2001 , Costello et al. 2008 , Barnes et al. 2014 . This is probably not because efforts have been lacking, but more likely because of difÞculty in comparing low S. noctilio catch among different traps. Barnes et al. (2014) found that traps baited with fresh host material were attractive to Sirex nigricornis F., which prompted our efforts in 2013 to test different traps baited with host material for capture of S. noctilio or S. nigricornis.
To provide more information on the importance of trap type for catching Sirex spp. in eastern North America, we report results from several trapping efforts in Ontario and the eastern United States. SpeciÞcally, we compared efÞcacy of different intercept traps for capturing S. noctilio or the native congener, S. nigricornis.
Materials and Methods
In total, we report on seven studies comparing three types of intercept traps (12-unit Lindgren funnel, 12-unit modiÞed-funnel, and panel) from different years and locations in Ontario, and the northeastern and southeastern United States (Table 1) . Efforts in 2006 (northeastern United States and southern Ontario) and 2007 (northern Ontario) were part of initial North American S. noctilio delimitation surveys, and thus were designed to target high-risk areas of large landscapes and not focused on experimentally testing traps. All traps were hung by a rope between two trees or secured to trap stands so that collecting cups were 2 m from the ground.
Delimitation Survey Methods (Studies 1-3). . Panel and funnel traps were compared for effectiveness at capturing S. nigricornis in Louisiana in 2011. Traps were Þrst placed in a recently thinned loblolly pine, Pinus taeda L., plantation on 19 October and moved to a newly thinned site containing fresher slash (i.e., green pine tops) on 3 November (Catahoula Ranger District) in anticipation of peak ßight (Johnson et al. 2013 ). All traps were placed within the forest interior, at least 20 m from an edge. Lures were large mesh bags (Ϸ25 by 85 cm) baited with fresh P. taeda foliage (5Ð10 boughs) and 4 Ð12 log billets (created by quartering logs; Ϸ13 cm in diameter by Ϸ40 cm long). Foliage and billet pieces were changed every 2 wk.
In addition to panel and multiple-funnel traps, modiÞed funnel traps (see Miller et al. 2013 for a description) were added to experiments in Ontario, Maine, and Louisiana in 2013. In southern Ontario (Simcoe County), traps were placed at two sites, both unthinned P. sylvestris forests. Experiments in Louisiana were established around a wood processing mill, with traps distributed in linear arrays throughout the P. taeda stands (Catahoula Ranger District). In Maine, traps were established in a recently thinned (3Ð5 yr) white pine, Pinus strobus L., -dominated forest (Massabesic Experimental Forest). All traps were placed within the forest interior, at least 20 m from an edge, except in Louisiana where 21 of 30 traps were on forest edges. Bags of fresh foliage and billets (described above) from regional or exotic pine species were used as lures at each trap (Table 1) .
Woodwasp Collection. Collection protocols were similar for all surveys and experiments. Propylene glycol was used as the collection and preservation liquid. Traps were collected weekly, every 2weeks, or monthly throughout the trapping period. Female wasps were identiÞed to species according to Schiff et al. (2006) ; no males were captured. Species collected in New York were conÞrmed by E.R. Hoebeke (Department of Entomology, Cornell University, Ithaca, NY), and those collected in Ontario were conÞrmed by H. Goulet (Canadian Food Inspection Agency).
Data Analysis. We analyzed data in the R statistical environment, version 2.15.0 (R Development Core Team 2012, Vienna, Austria). Different tests were conducted according to study design (Tables 1 and 2 ). For 
Results
Among the seven different trapping efforts, in only one instance was there a signiÞcant difference in number of Sirex spp. captured among panel, modiÞed, or unmodiÞed multiple-funnel traps; all others resulted in no difference between the three trap types (Table  2) . Trap catch for the exotic S. noctilio was very low overall (range: 0 Ð 4 wasps per trap).
Delimitation Surveys (Studies 1-3) . In the northeastern United States, the number of traps positive for S. noctilio was nearly the same for panel (21) and funnel (22). In total, 51 females were captured among Ϸ1,300 traps. In southern Ontario (2006) 
Experimental Trap Tests (Studies 4 -7)
. There were no signiÞcant differences in the number of S. nigricornis captured by intercept trap type in Louisiana or Maine (Table 2 ). In 2011, 244 females were captured among 20 traps (range: 0 Ð23 wasps per trap), and signiÞcantly more wasps were captured at the second compared with the Þrst site (mean Ϯ SE: 3.0 Ϯ 0.6 vs. 9.2 Ϯ 1.3 wasps per trap at the Þrst vs. second site, respectively). In 2013, 229 S. nigricornis were captured among 30 traps (range: 0 Ð29 wasps per trap). In Maine, 62 S. nigricornis were captured among 30 traps. In Ontario, 13 S. noctilio were captured among 30 traps.
Discussion
Results from several efforts in different locations and years suggest that there is no difference in efÞcacy between panel and 12-unit funnel traps for S. noctilio or S. nigricornis in eastern North America. Although not explicitly designed for experimental testing, results from delimitation surveys provided several large data sets of woodwasp trap captures over a large geographic area, which were useful for conÞrming our experimental results. Other studies reported similar Þndings. In Louisiana, Barnes et al. (2014) also found no differences between panel and multiple-funnel traps in the number of S. nigricornis caught. McIntosh et al. (2001) found no difference among several trap types, including multiplefunnel traps, for capturing Siricidae in western Canada. Costello et al. (2008) found no difference between panel and multiple-funnel traps for capturing Sirex juvencus (L.) in South Dakota. Either panel or multiple-funnel traps can be conÞdently used to survey for S. noctilio or S. nigricornis. ModiÞed-funnel traps could also be used, but were not tested as rigorously as the other two traps (in three vs. seven studies).
Low S. noctilio populations, such as those at many sites in southern Ontario and the northeastern United States where traps were placed in 2006 and 2013 (Յ2.4 m 2 ha Ϫ1 of pine basal area attacked; Dodds et al. 2010) , complicate the problem of poor detection tools. Bioassays conducted in controlled environments to test putative attractants or trap types are one way to circumvent this problem. Another is to conduct Þeld tests of trap and lure combinations with a closely related, but more common species, as we and others (Coyle et (Table 2 ; Johnson et al. 2013 , Barnes et al. 2014 suggest that these locations are ideal for such studies. However, it is unknown whether S. nigricornis populations are generally greater in this region than further north, or locations chosen for trap placement were more attractive to wasps (i.e., near a lumber mill in Louisiana vs. an unthinned P. sylvestris plantation in Ontario). Poor efÞcacy of intercept traps in capturing S. noctilio may also be due, in part, to ineffective lures. Although not examined in our study, lure type has been investigated, and shown to be important for S. nigricornis. Intercept traps baited with the commercially available Sirex lure caught more S. nigricornis than unbaited traps, and those baited with pine foliage and log billets caught even more (Barnes et al. 2014) . Johnson et al. (2013) found that intercept traps baited with semiochemicals (e.g., Sirex lure ϩ ipsenol ϩ ipsdienol) generally caught more S. nigricornis than trap trees. Semiochemicals are important for attracting S. noctilio as well (Bö rö czky et al. 2009 Cooperband et al. 2012) , but an effective combination and quantity of attractants has yet to be found. Future investigations should focus on developing and testing an effective attractant for S. noctilio.
